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Abstract
A multidisciplinary methodology for historical floods reconstruction was ap-
plied to 1874 Santa Tecla floods occurred in Catalonia (NE Iberian Peninsula),
using both historical information and meteorological data from 20th Century
Reanalysis.
The results confirmed the exceptionality of the event: the highest modeled
specific peak flow was around 14.6 m3 s−1 km−2 in a 100 km2 catchment and all
the modeled total rainfall values were above 110 mm in about six hours, with
maximum intensities around 60 mm min−1. The peak–flows return periods were
about 260 years and the rainfalls periods were between 250 and 500 years. The
meteorological cause of the rainstorms was the flash triggering effect, initiated
by the withdrawal of a mass of hot air at mid–levels.
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A sensitivity analysis on the various sources of error shows that peak flow
errors from hydraulic modeling ranged from 5 to 44%, and rainfall errors from
hydrological modeling were about 36%.
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1. Introduction
Flash floods rank among the most dangerous and destructive natural hazards
in southern Europe. In spite of this, scientific research about past floods is only
recent and mainly focused on modern events. This is a drawback when trying to
analyze and classify flash floods in a climatic change context because important5
information, which old events would provide, is missing.
Fortunately, data about long–past floods can be retrieved from paleographic
and dendrogeomorphological evidences and from historical documents. Indeed,
historical archives keep raw data –such as maximum water depths, rainfall du-
rations, channel morphologies, atmospheric variables– which, after proper col-10
lecting and processing, can enlarge present day records of floods. As said above,
the use of this historical information in flood analysis and reconstruction is
only very recent and usually restricted to academic research (Bayliss & Reed,
2001; Benito et al., 2004; Gaume et al., 2004; Naulet et al., 2005; Bra´zdil et al.,
2006; Elleder, 2010), but it will most probably become more used because of15
the EU Directive 2007/60/EC (2007) on flood risk assessment.
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Nevertheless, only a few studies so far have tried to thoroughly analyze his-
torical floods by linking hydrological and meteorological information (Petersen et al.,
1999; Delrieu et al., 2005; Bu¨rger et al., 2006; Flesch & Reuter, 2012). In this
same line, this study presents an applied example of the multidisciplinary method-20
ology (historiographical, hydraulic, hydrological and meteorological) of histori-
cal floods reconstruction introduced by Barriendos et al. (2014).
This methodology was applied on a case study: 1874 Santa Tecla floods. The
night of 22–23 September 1874 several flash floods occurred in many catchments
throughout the eastern part of the Ebro River basin, in Catalonia (NE Iberian25
Peninsula, Figure 1). These floods –known as Santa Tecla floods because this
was the saint of that day– caused 575 casualties and ravaged an approximate
area of 10000 km2 and are considered, as a whole, one of the heaviest events in
the region in the last 500 years.
Luckily, there is a lot of information about this event, especially, maximum30
water depths in many locations. So far, some of this information has already
been used to calculate the peak flows of the floods in six spots located in three
catchments (Balasch et al., 2010a, 2011). Here, we enlarged this list with four
more sites and two more catchments. In some cases, it was also possible to
calculate the hyetograph of the rainfall. Besides this hydraulic and hydrological35
information, meteorological data of the days before the floods, available from
NOAA’s 20th Century Reanalysis (Compo et al., 2011), were used to determine
the meteorological causes of the floods.
In summary, the objective of this paper was to use a multidisciplinary
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methodology of hydraulic, hydrological and meteorological reconstruction of40
historical floods on a study case: the 1874 Santa Tecla floods, occurred in NE
Iberian Peninsula.
Although in this paper only this one flood was reconstructed, our long–term
objective is to use this multidisciplinary methodology to analyze the heaviest
floods occurred in NE Iberian Peninsula in the last 500 years. By doing so45
with such a thorough reconstruction methodology, we will be able to classify
the historical floods of the region according to their meteorological causes and,
thus, to improve prediction, planning and readiness.
2. Study area
Heavy rainstorms are frequent in NE Iberian Peninsula. The region has a50
complex orography with a maximum altitude of around 1200 m, which plays a
main role in uplifting the Mediterranean air flows thus causing severe storms
(Romero et al., 1997; Pascual et al., 2004).
Additionally, its location on the western coast of the Mediterranean basin
(Figure 1) favors torrential rainfall, especially at the end of summer and autumn55
(Llasat et al., 2005), when the warm Mediterranean Sea provides large amounts
of heat and moisture to the lower layers of the atmosphere. Moreover, regional
climate models forecast a decrease in the average yearly precipitation but, at
the same time, an increase in the maximum daily precipitation over this region
in this next century (Barrera & Cunillera, 2011).60
The complex orography mentioned above implies small catchments (80–300
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km2) with short, steep streams (15–35 km long and 1–2% of slope) and, there-
fore, with a very quick hydrological response: their very low average flows, less
than 1 m3 s−1, can multiply thousands of times in a matter of hours. These
catchments, mostly rural but with some populated towns, were the most dam-65
aged by 1874 Santa Tecla flash floods, within the 10000 km2 affected area.
The hydraulic and hydrological modeling were performed in ten sites along
five different rivers, located in the northern half of the affected area, which are,
from north to south and from west to east: Sio´, Ondara, Corb, Vall Major and
Francol´ı (Figure 1 and Table 1). All of them have their headwaters either on the70
Catalan Central Depression ranges or on the Pre-coastal ranges, between 700
and 900 m (Portella, Tallat, Llena, and Prades ranges). All of them but Francol´ı
flow westwards: Sio´ and Vall Major into the Segre River, the main tributary of
the Ebro River, and Ondara and Corb into large alluvial fans. Francol´ı flows
southwards into the Mediterranean Sea.75
All of them have scarce flows all year round, with a high-water period around
May and long low-water periods, but, due to irrigation, they never dry up,
except Vall Major, which is usually dry. In any case, autumn overflowing flash
floods are typical, occurring about three or four times per century (Corominas,
1985; Novoa, 1987; Coma, 1990).80
The geological substrates in these catchments are Cenozoic sediments of the
Ebro depression, with some outcrops of Paleozoic and Mesozoic materials of
the Pre–coastal ranges in the Francol´ı catchment. The climate is continental
Mediterranean with less than 600 mm of rainfall per year, which decreases as
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height decreases. The main soil use is dry land cereal farming, whereas the85
higher areas are covered with Mediterranean forest.
3. Methods
The reconstruction of a historical flood is the calculation of the event’s char-
acteristics from indirect information.
The procedure used to reconstruct 1874 Santa Tecla floods consists of four90
different steps: the historiographical research, the hydraulic modeling, the hy-
drological modeling, and the meteorological analysis (Barriendos et al., 2014).
This four steps are linked, because the historiographical research feeds other
steps with data, because the results of the hydraulic modeling are the input
data of the hydrological modeling, and because the results of the hydrological95
modeling and the meteorological analysis should qualitatively agree between
them and with the meteorological information found in the historiographical
research (Figure 2).
It is worth noting the different space scales involved in the hydraulic, hydro-
logical and meteorological reconstructions: typically, the hydraulic reconstruc-100
tion takes place along a river reach (up to a dozen km2); whereas the hydrological
one takes into account the whole catchment or a part of it (from some dozens
to thousands of km2); and the meteorological reconstruction is done, depending
on the meteorological phenomenon causing the event, from a local (hundreds of
km2) to a regional scale (1 million km2).105
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3.1. Historiographical research
Historiographical research is the key step in the reconstruction of any histor-
ical flood: without correct, reliable information, no correct, reliable modeling
can be done.
Historiographical research is mainly based in archive scanning, that is, in110
the systematic scrutiny of documents in search of any records related to any
flood. These documents can hold all kinds of data about the flood: meteo-
rological (start and end times of the rainfall, weather in the previous days),
hydraulic and hydrological (time of the peak flow, time of the overbank flow,
maximum height reached by the water, height of the water at various times,115
state of saturation of the catchment’s soils), and human and social (number of
victims, economic loss). Some of these data are essential in order to reconstruct
the flood, and the nature of these documents is mostly official (town coun-
cil’s minutes, notarized documents, local authorities official reports to higher
levels of the administration), but they also include contemporary newspapers120
(Diario de Barcelona, 1874), personal accounts (Salvado´, 1875) and local histo-
rians’ research (Pleya´n de Porta, 1945; Igle´sies, 1971; Xucla`, 1977; Pique´, 1986;
Coma, 1990; Vila, 1992; Espinagosa et al., 1996; Co`ts, 2012).
Besides this archive information, flood marks are also very important pieces
of information in hydraulic modeling, because they precisely mark the maximum125
height of the water, which can be equated (with a small, acceptable error) to
the height of the water at the peak of the flood.
Twelve flood marks were used in the hydraulic modeling of the ten recon-
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structed peak flows. Some of them are plaques whereas others are simple carv-
ings on the walls and even others are mere notes found in written documents130
(Table 2).
The reliability of these twelve flood marks is generally high, since most of
them have been confirmed by local historians and experts. There is only a
slight suspicion that the Agramunt mark might have been moved. This one
scored 2 (moderately reliable) in the three–degreed classification of reliability135
by (Bayliss & Reed, 2001), whereas the other marks all scored 3 (very reliable).
The precision of a flood mark (that is, the maximum expected difference between
the flood mark and the actual maximum water height) depends on its reliability
and on its nature. Those flood marks with a high reliability and a physical
nature (a plaque or an incision) were given a precision of ±10 cm. The one with140
moderate reliability (Agramunt) and the two of a written nature (Cervera and
Vallfogona de Riucorb) were given a precision of ±30 cm (Table 2).
3.2. Hydraulic modeling
The objective of the hydraulic modeling was the calculation of the peak flows
at the ten sites. It was done from the maximum water heights observed (Table145
2), because it was considered (accepting a minimum error) that these maximum
heights occurred simultaneously with their corresponding peak flows.
The hydraulic model used was the one–dimensional HEC–RAS 4.0 (USACE,
2008) under gradually varied, steady, mixed flow. Actually, this model calculates
water height from a flow value. Therefore, we applied it iteratively, trying150
tentative peak flows until the difference between the modeled water height and
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the actual flood mark was smaller than 1 cm (Figure 3).
The HEC–RAS model needs as input data:
1. the channel’s geometry (cross sections shape and channel’s longitudinal
slope), given by the cross sections of the digital terrain model,155
2. the Gauckler–Manning roughness coefficients (also known as Manning’s n),
that relate friction with type of surface and are found in tables (Chow et al.,
1994),
3. the boundary and initial conditions, which tell what is happening up-
stream and downstream the modeled river reach,160
4. the aforementioned tentative peak flow.
All these input data are limited to a river reach, usually less than 2 km long,
upstream and downstream the flood mark site. However, the data had to be
adequately adapted to be as close as possible to their values at the time when
Santa Tecla floods took place. Old maps, engravings and written descriptions165
were used to reconstruct the channel and floodplain morphology at the time
of the flood (obstacles such as human structures, meanders and islands, and
cross sections’ contractions or expansions) and to hypothesize the roughness
coefficients. Table 3 lists the changes in each of the ten modeled sites.
Model calibrations, which help better estimate the input data, were not170
possible because none of the studied catchments has ever had flow gauges, except
Francol´ı; but even in that case, no high enough flood records with an associated
flood mark that could be modeled were available. However, in Ta`rrega, the
hydraulic model could be calibrated with the hydrologically modeled peak flow
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of a rainstorm occurred in 1989, of which there existed a measured hyetograph175
and a photograph marking the maximum water height. In any case, this is only
an approximate calibration.
Besides, also in Ta`rrega, the existence of three flood marks along the river
reach, allowed to choose the correct river–bed morphology between two possible
ones (Balasch et al., 2011).180
In this same town, the previous reconstruction of six other historical floods
allowed the calculation of Santa Tecla’s peak flow return period (Balasch et al.,
2011). In Montblanc, the peak flow return period was calculated from a series
of measurements in the period 19462014 (Junta d’Aigu¨es, 1995).
The high degree of uncertainty associated with historical floods input data185
is inevitably transferred to the results. In order to estimate this uncertainty, a
sensitivity analysis of the hydraulic modeling was performed in 5 of the 10 sites.
More specifically, the effects of two input variables on the resulting peak flows
were assessed: maximum water height and the Gauckler–Manning roughness
coefficients (or Manning’s n). This was done by estimating a value of uncertainty190
or error for those two variables: the precision values of the flood marks given in
Table 2, for the maximum water height; and ±30% for the Gauckler–Manning
roughness coefficients (Marcus et al., 1992; Johnson, 1996; Wohl, 1998) and then
separately calculating the relative error in the peak flow results that each one
of these input errors would cause. The two resulting relative errors were then195
quadratically added as follows:
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δ
Q,total =
√
δ2
Q,height
+ δ2
Q,Manning
, (1)
where δ
Q,total is the peak flow total relative error, δQ,height is the peak flow
relative error caused by the error in maximum water height, and δ
Q,Manning is
the peak flow relative error caused by the error in Manning’s n. Relative errors
have no units and are given in parts–per–one. In two of the five sites, only the200
relative error caused by maximum water height was calculated.
3.3. Hydrological modeling
The objective of the hydrological reconstruction was the calculation of the
hyetograph of the rain that caused the flood.
To this end, the hydrological modeling software HEC–HMS 3.3 (USACE,205
2010) was used. HEC–HMS is an empirical, lumped rainfall–runoff model,
which allows the user to choose among an array of different empirical meth-
ods for three hydrological processes: runoff generation, transformation of runoff
into river flow, and river flow routing. For each of these processes we chose, re-
spectively, the SCS Curve Number, the SCS Synthetic Unit Hydrograph and the210
Muskingum–Cunge methods, because of their simplicity of use, their moderate
requirements in input data and their being generally accepted and commonly
used (NRCS (Natural Resources Conservation Service), 2007).
Similarly as in the hydraulic reconstruction, the calculation procedure is
iterative, because the result (that is, the hyetograph) is, actually, an input215
datum required by the model (Figure 4). Therefore, a tentative hyetograph
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must be built using the available historical information about the rain event,
such as its duration and other indications that can lead to a rough estimation
of the rainfall volume. Hence, only in those cases when all these required data
were available, the tentative hyetograph could be built and the hydrological220
modeling, performed; more specifically, this could be done in five sites: Mont–
roig by the Sio´ River, Cervera and Ta`rrega by the Ondara River, and Ciutadilla
and Guimera` by the Corb River.
Besides this tentative hyetograph, the model needs input data describing
the catchment (and subcatchments) hydrological characteristics, such as soil225
type (and its hydrological characteristics), land use and cover, antecedent soil
moisture condition, and the main stream’s length, slope, and Gauckler–Manning
roughness coefficient.
These data had to be adapted, when necessary, from present–day values to
the estimated ones at the time of the studied flood. Particularly, the antecedent230
soil moisture condition was estimated from the historiographical research1 and
confirmed with the meteorological analysis; condition III (saturated soils) was
ultimately chosen. According to SCS Curve Number model, for condition III
to be chosen, it must have rained at least 53 mm in the five previous days.
Regarding soil uses and cover, none of the three modeled catchments suffered235
major changes since 1874. They all are mostly rural, with non-irrigated cereal
crops and small patches of Mediterranean forest.
1For example, Pleya´n de Porta (1945) states that the soils in the Sio´, Ondara and Corb
catchments were at field capacity due to a generous rain on 18th September 1874, just five
days before Santa Tecla rainstorm.
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The result of the hydrological modeling (the peak flow) was then compared to
the one calculated in the hydraulic modeling; if the two were similar enough (less
than 1% apart), the tentative hyetograph was accepted. Then, the approximate240
return period of the total rainfall was estimated from maps drawn by Casas
(2005).
As happened in the hydraulic modeling, calibrations of the hydrological mod-
els in the five modeled sites were not possible because none of the studied catch-
ments has ever been gauged. However, as said in Section 3.2., an event occurred245
in 1989 allowed to calibrate both the hydraulic and the hydrological models in
the town of Ta`rrega in the Ondara catchment.
However, in order to estimate the real amount of uncertainty in the results, a
sensitivity analysis was done by observing the variation in the results caused by
variations in the input variables: the influence of Curve Number and Synthetic250
Unit Hydrograph’s lag time on peak flow (which is the actual output of the
model), and the influence of antecedent soil moisture condition on total rainfall
(which is, as part of the hyetograph, our aimed result). This was done in two
of the five sites: Mont–roig and Ta`rrega.
The Curve Number value summarizes the permeability of a catchment. Its255
value is estimated with tables from soil type, land use and land cover (NRCS,
2007) and it is therefore somewhat arbitrary. Thus, we assumed an error of
±10 units in its estimation, slightly more conservative than the ±10% value
suggested by Hawkins (1975).
Soil moisture also affects the catchment’s permeability. The Curve Number260
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method treats this parameter as a qualitative discrete variable called antecedent
soil moisture condition, with three possible values: dry (I), intermediate (II),
and saturated (III). In practice, a change in antecedent soil moisture condition
entails a change in the Curve Number value. In this way, we assessed the
influence in total rainfall of a change in antecedent soil moisture condition from265
III (saturated) to II (intermediate), which equates to a reduction in the Curve
Number of around 8 units. However, an error in this parameter seems quite
unlikely, given the written accounts that describe a rainy week before the floods
(Diario de Barcelona, 1874; Pleya´n de Porta, 1945).
Synthetic Unit Hydrograph’s lag time is the time between the moment when270
half of the rain has fallen and the moment of the peak flow. Lag time is indi-
rectly calculated with an empirical equation that only requires the main stream’s
length and slope (NRCS (Natural Resources Conservation Service), 2007):
tlag = 0.6 · 0.66 ·
(
L
J0.5
)0.77
, (2)
where tlag is the lag time (in hours), L is the length of the main stream (in km)
and J is the mean slope of the main stream (in parts–per–one).275
This indirect way of calculating lag time results in a high uncertainty. In-
deed, Bell & Om Kar (1969) state that lag time may vary from about 70% to
140% of the value found with Eq. (2); besides, they also conclude that lag time
for extreme floods is 10% shorter. Thus, we decided to assess the influence of a
±40% error in lag time on peak flow.280
As in the hydraulic modeling (see Eq. 1), total relative error in peak flow was
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calculated quadratically summing the relative errors caused by Curve Number
and by lag time.
3.4. Meteorological analysis
The objective of the meteorological analysis was to determine the meteoro-285
logical processes that caused the flood. More precisely:
a) To describe the synoptic conditions (atmospheric situation at several lev-
els) during 1874 Santa Tecla floods. This meteorological analysis allowed,
on the one hand, to determine the cause of the floods and, on the other
hand, to validate the hyetograph found in the hydrological modeling. If290
the former could be done with many floods in the region, flood forecasting
would be improved.
b) To assess the possibility of rainfall in the weeks before the floods in order
to estimate the antecedent soil moisture condition, a piece of information
needed in the hydrological modeling.295
This analysis was performed by using the National Oceanic and Atmospheric
Administration (NOAA) 20th Century Reanalysis, available from 1 January
1871 onwards (Compo et al., 2011). This was done by directly analyzing the
maps and also by calculating several indexes that measure the convection in-
tensity:300
a) the Convective Available Potential Energy (CAPE, Mapes (1993); Doswell III & Rasmussen
(1994)).
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b) the Lifted Index LI (Galway, 1956).
c) the K–index (George, 1960).
d) Vertical, Cross and Total Totals indexes (Miller, 1972).305
e) the Humidity index (Litynska et al., 1976).
f) the difference between the lifted condensation level (LCL) and the level of
free convection (LFC)
g) the limit of convection (LOC).
h) the wind shear between surface and 1 km, between surface and 3 km.310
These convectivity indexes were calculated approximately over the town of
Valls2, located within the Francol´ı River catchment (Figure 1).
Additionally, three pressure indexes, which measure the difference in surface
pressure between two distant locations, were also calculated for every day of the
month of September 1874 from contemporary daily measurements:315
a) The WeMo index, between Ca´diz and Padua (Mart´ın-Vide & Lo´pez-Bustins,
2006).
b) The NOA index, between Ca´diz and Reykjav´ık.
c) A zonal index between Ca´diz and Uppsala.
2UTM coordinates of Valls: X = 335500 m; Y = 4572000 m; Z = 200 m; UTM 31 T /
ETRS89
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4. Results and discussion320
The results of the reconstruction of 1874 Santa Tecla flood and their discus-
sion are presented in several sections corresponding to the different phases of
the reconstruction.
4.1. Historiographical research
4.1.1. Meteorological and hydrological information325
The summer of 1874 had been particularly hot and dry, so the Mediter-
ranean Sea was very warm and, thus, there was a high probability of heavy
thunderstorms (Igle´sies, 1971).
Intense precipitations occurred in Reus, Vilanova i la Geltru´, and Tarragona
on 19 September 1874 (Diario de Barcelona, 1874). Indeed, an Atlantic depres-330
sion crossed Catalonia between 17 and 19 September; there are records of rainfall
in Zaragoza on 17 and 18 September, Valencia on 18 (28.6 mm) and Barcelona
on 19 (30 mm). This episode of rain left the soil very wet (Pleya´n de Porta,
1945) and, thus, with a reduced ability to absorb the precipitation that would
fall on the day of Santa Tecla.335
Indeed, after a few days of calm, the night of 22 to 23 September 1874, a
strong thunderstorm driven by SE, SSE and S strong winds affected the coast
and the southern half of Catalonia; these precipitations caused floods in many
small catchments throughout an area of around 10000 km2 (Diario de Barcelona,
1874) (Figs. 1 and 5). In Barcelona, from the only rainfall measurement found,340
it rained 63 mm on 23 September, almost the average precipitation of the whole
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month.
As an example of the quickness of the events, Igle´sies (1971) reports that,
in Ta`rrega (in the Ondara catchment), the rain, which had started at 09:00
p.m. LT (local time, UTC) on 22 September, grew more intense at around345
01:00 a.m. LT and lasted two more hours, and that the peak flow of the flood
occurred between 03:00 and 03:30 a.m. LT. Almost the same happened in the
Francol´ı River: the downpour began at 01:00 a.m. LT, and the peak flow
reached Tarragona (the outfall of the catchment) at around 03:00 a.m. LT
(Diario de Barcelona, 1874; Igle´sies, 1971).350
The historiographical sources and the contemporary newspapers consulted
(Diario de Barcelona, 1874; Igle´sies, 1971; Coma, 1990; Barriendos & Pome´s,
1993; Espinagosa et al., 1996; Co`ts, 2012) list fisty-one locations where the rain
caused floods, thirty-one of them destructive (see Fig. 5).
This distribution of floods provides information about the movement of the355
storm. Indeed, most of the thirty–one destructive floods cluster along the rivers
with headwaters on either side of the southern Pre–coastal ranges; that is, along
both the leeward ones (like Sio´, Ondara, Corb and Vall Major) and the windward
ones (like Francol´ı and Gaia`) (Figure 1). Therefore, these windward rivers acted
as natural corridors for the southeastern wind, which pushed the stormy air mass360
up to the top of the Pre–coastal ranges, where it developed and precipitated.
This explanation agrees with the meteorological analysis (section 4.4) and with
the rainfall distribution, with higher rainfalls in the catchments’ headwaters
(section 4.3).
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Outside this most severely affected area in the southern half of Catalonia,365
there were two non–destructive overbank floods along the northeastern coast,
which point out that the turbulent activity also affected that area. In contrast,
rainfall was scarce on the northern half of inland Catalonia.
4.1.2. Damages
Santa Tecla floods were catastrophic both in terms of both affected area370
(about 10000 km2) and degree of destruction. Since the rainstorm began past
midnight and affected small, quick–response catchments –with lag–times of 4 h
or less– the damages along the rivers were huge: about 700 collapsed dwellings,
and destroyed crops and infrastructures. In total, 960 structural elements were
damaged, 643 of which were completely destroyed or suffered irreparable dam-375
age. The most affected county, Urgell, where 452 elements were completely
destroyed (Figure 6 and Table 4), is crossed by the Sio`, Ondara and Corb
Rivers.
Actually, Santa Tecla floods destruction is comparable to that of the floods
occurred in 1617, known as ”The Year of the Deluge” which destroyed 389380
buildings, 22 bridges and 17 mills in Catalonia (Thorndycraft et al., 2006).
The cost of the damages of Santa Tecla in only one of the two most damaged
provinces has been estimated to be at least 100 million Euros (updated to the
year 2014 values) (Lladonosa, 1974).
Besides destroyed buildings and general structures, damages in agriculture385
were great and varied: loss of fertile soil and fruit trees, destruction of irrigation
structures and mills, and loss of seed, seedlings, and staples (grain, beans, nuts,
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olive oil, and wine) stored in destroyed warehouses. The economic impact of
such damage is difficult to assess, but it was enormous: agriculture was the basis
of the economy of the region at the time, and recovering required many years.390
The floods caused thus a long–lasting impoverishment of the population. In
addition to this, the reconstruction tasks were hampered by the Third Carlist
War (1872–1876).
4.1.3. Casualties
Adding up the figures found in the historiographical sources and contem-395
porary press, 575 people died because of the floods (Diario de Barcelona, 1874;
Igle´sies, 1971). The distribution of victims (Figure 7), is almost identical to
that of damages, with again the most affected county being Urgell, traversed by
the Sio´, Ondara and Corb rivers. In this county alone, 293 people died, 205 of
them in its capital town Ta`rrega.400
The sudden nature of these flash floods and the fact that they occurred past
midnight are the main reasons for this large number of fatalities.
Santa Tecla floods caused more deaths than the floods occurred in Catalonia
in 1907 (29 deaths), 1940 (90 deaths), but less than the highly destructive floods
of 1962 (more than 815 deaths).405
4.2. Hydraulic modeling
The results of the hydraulic modeling are shown in Table 5. In four of the
ten sites (Cervera, Vallfogona de Riucorb, Espluga de Francol´ı and Montblanc),
the specific peak flow is extremely high (≥ 9.6 m3 s−1 km−2). However, they
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agree with the highest values in the Mediterranean area (8 and 15 m3 s−1410
km−2) of a recent inventory of extreme floods in France from 1770 to 2011
(Lang & Coeur, 2014), and rank among the highest values of the flash floods
collected by Gaume et al. (2009) in similar-sized catchments (between 50 and
350 km2) in the Western Mediterranean area.
Besides, the highest K index of the ten reconstructed peak flows, that of415
Francol´ı River in Montblanc, is 5.5 (Table 5), and it is, therefore, higher than the
K indexes of the highest measured and reconstructed flows of severe flash floods
in Mediterranean catchments of the Iberian Peninsula and southern France (Fig-
ure 8). The K index, calculated with Eq. (3), is used to compare peak flows
between catchments of very different area (Francou & Rodier, 1967; Herschy,420
2003).
K = 10
(
1−
6− log10(Q)
8− log10(A)
)
, (3)
where K is the adimensional K index, A is the area in km2, and Q is the flow
in m3 s−1.
The exceptionality of these values is furthermore confirmed by the observed
return period of the peak flows in Ta`rrega and Montblanc: around 260 years.425
This return period was calculated, in the case of Ta`rrega, with the series of
reconstructed flows of historical floods shown in Table 6 and, in the case of
Montblanc, with a series of measured peak flows for the period 1946–2014
(Junta d’Aigu¨es, 1995).
Nevertheless, the torrentiality indexes of the floods (i.e. the peak flow di-430
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vided by the mean flow) are between 500 and 5500 in the ten catchments; these
values are not extraordinary if compared to the maximum ones (between 5000
and 10000) calculated by Conacher & Sala (1945) for Mediterranean torrents
of the Iberian Peninsula. However, our torrentiality indexes may be underesti-
mated since some of the mean flows from which they have been calculated might435
be overestimated due to the seepage of irrigation water.
Water velocities in the channels are very varied, with some very high values
(> 7 m s−1) that explain the magnitude of the damages and casualties.
The relative errors of the peak flows calculated in the sensitivity analysis are
between ±5% and ±44% (Table 7). These error values for peak flow modeling440
are far better than 50%, the highest value deemed as acceptable in historical
floods reconstruction (Barriendos et al., 2003) and, if the two calculated from
the least precise flood marks are excluded, they are close to those typical in
flow measurement, which should be more precise than flow modeling: ±6−19%
(Harmel et al., 2006b) and ±10% (Butts et al., 2004).445
It must be noted, however, that our values are lower bounds for peak flow
error, since they were calculated from water height and roughness coefficients
errors and, therefore, the error caused by the rest of the input data (such as
channel’s shape and slope, or boundary and initial conditions) have not been
taken into account yet. However, the objective of this simple sensitivity analysis450
was to obtain an estimation of the order of magnitude of the error. Other
reconstruction studies base their sensitivity analyses on the same variables and
obtain similar results (Barriendos et al., 2003; Neppel et al., 2010; Herget et al.,
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2014).
The peak flow relative error caused by the uncertainty in maximum water455
height goes from ±3% to ±13% when flood mark precision is ±10 cm and from
±17% to ±44% when flood mark precision is±30 cm. These differences are most
probably due to the cross sections’ shape: in wider sections, a small increase in
water height means a greater increase in water flow than in narrower sections.
Similarly, one of the peak flow relative errors caused by the uncertainty in460
Manning’s n is also smaller than the rest, that of Ta`rrega. This may be caused,
again, by differences in the geometry of the reach: reaches with high slopes and
high hydraulic radius are less influenced by changes in Manning’s n than reaches
with the opposite features.
4.3. Hydrological modeling465
The results of the hydrological modeling are shown in Tables 8 and 9 and in
Figure 9. Total rainfall values must be deemed quite exceptional, judging from
their approximate return periods, which were estimated from regional maps
drawn by Casas (2005). Besides, maximum rainfall intensity values qualify as
torrential, according to a classification by the Spanish Meteorological Institute470
(Llasat, 2001).
Similarly, the values of the ratio ’Storm rainfall / mean annual rainfall’ were
greater than those found for flash-flood-causing rainstorms of the same duration
(about 6 h) by Marchi et al. (2010), which are all below 0.2.
IIn the four catchments with more than one studied site, specific peak flows475
decrease downstream, between 20 and 60% (Table 5); this could mean that
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rainfall was heavier in the catchments’ headwaters, which is consistent with the
conclusions drawn from the historiographical research and the meteorological
analysis.
The runoff coefficients are very high, especially in the Ondara catchment, and480
are higher than the highest but one runoff coefficients of flash flood–causing rain-
storms of the same magnitude (between 110 and 150 mm) in the Mediterranean
region calculated by Marchi et al. (2010). These high runoff coefficients are a
consequence of the selection of the antecedent soil moisture condition III (satu-
rated soils caused, according to the model, by at least 53 mm of rain in the five485
previous days). This soil moisture condition was selected to agree with the ac-
counts of the event (Diario de Barcelona, 1874; Salvado´, 1875; Pleya´n de Porta,
1945). Soil saturation translated in an increased impermeability of the catch-
ments and contributed to the magnitude of the floods.
Lag times range between 2.5 and 4 h, which agree with the torrential nature490
of these streams and the suddenness of the floods; they also agree with the values
found by Marchi et al. (2010) in flash-flood-causing rainstorms in similar-sized
catchments (between 50 and 350 km2) in the Mediterranean region.
The sensitivity analysis shows that the hydrological modeling results are
quite sensitive to changes in input data. Indeed, relative errors in peak flow495
caused by errors in two input data (Curve Number and lag time) calculated in
two of the sites are around ±36% (Table 10); the Curve Number alone causes an
error in peak flow of ±23% to ±28% and the lag time alone, an error of ±23%
to ±27%. This agrees with the findings of Ponce & Hawkins (2001) for Curve
24
Number influence on results.500
The effect of these variables in total rainfall error is yet to be calculated, but
it is probably of the same order of magnitude. Indeed, the error in total rainfall
caused by an error in antecedent soil moisture condition (or by the equivalent
decrease of 8 units in the Curve Number value) is +30%. Therefore, hydrological
modeling results should be seen as merely approximate.505
4.4. Meteorological reconstruction
According to the maps from NOAA’s 20th Century Reanalysis (Compo et al.,
2011) shown in Figure 10, on 23 September 1874, a very stable and deep depres-
sion located in the center of the Iberian Peninsula had been blowing southerly
winds onto Catalonia for at least 10 days. These winds brought warm, moist510
air that accumulated in the low levels of the troposphere due to the presence
over Catalonia of an African ridge (a mass of hot air) at mid–levels (at a height
between 850 hPa and 500 hPa or, approximately, between 1500 m and 5500
m), which prevented vertical movements. Indeed, those warm and moist winds
hadn’t been able to move to upper levels until 23 September, when the African515
ridge withdrew. Only then, the warm, moist air mass could rapidly rise forming
thick clouds and, eventually, thunderstorms; this rise was furthermore enhanced
by the presence of the Pre-coastal mountain ranges, which run parallel to the
coast about 30 km inland.
This succession of events, which we have named flash triggering effect (Mazon et al.,520
2014), is the same process that caused the equally destructive 1962 floods in a
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nearby area (Valle`s) (Ruiz-Bellet et al., 2013). Due to its suddenness, this pro-
cess is very difficult to forecast (Maddox et al., 1979).
This interpretation of the synoptic maps is backed by the convectivity in-
dexes calculated from the same NOAA’s 20th Century Reanalysis data. Indeed,525
all these indexes but one (wind shear 1 km) have values related to severe thun-
derstorm weather around the time of the storm, that is, 23 September 1874 at
midnight (Table 11). These values are also extreme when compared to the val-
ues of the other fourteen heaviest floods in Catalonia since 1871; indeed, Santa
Tecla indexes are always in the top three (Mazon et al., 2014).530
Besides, the three pressure indexes (WeMo, NAO, and Ca´diz–Uppsala) show
a sharp drop–off between 18 and 22 September at noon, especially NAO and
Ca´diz–Uppsala (Fig. 11). This means that an area of low pressure located over
the Iberian Peninsula grew deeper over that period, with a minimum between
22 and 23 September, thus creating a great vertical instability.535
In conclusion, three different methods (synoptic maps, convectivity indexes,
and pressure indexes) agree with the possibility of an extraordinary thunder-
storm having the high rainfall values calculated in the hydrological modeling
and the destructive effects described by the historical sources.
On the other hand, the synoptic conditions for 18 September 1874, five days540
before the floods (Figure 12), also agree with the possibility of an abundant
rain that saturated the soils, as described by Pleya´n de Porta (1945), which led
to the selection of an antecedent soil moisture condition of III (saturated soils
caused, according to the model, by at least 53 mm of rain in the five previous
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days) in the hydrological modeling.545
4.5. General discussion
This study is one of the first examples of a complete reconstruction of
a flash flood from historical information: historiographical, hydraulic, hydro-
logical and meteorological. Indeed: although historical floods reconstructions
have increased in number in the last two decades, especially due to EU Di-550
rective 2007/60/EC (2007) on flood risk assessment, most of these limit to
hydraulic modeling and only a few attempt some sort of hydrometeorologi-
cal reconstruction (Benito et al., 2003; Delrieu et al., 2005; Bu¨rger et al., 2006;
Ducrocq et al., 2008; Milln, 2008).
This study is also innovative in that it reconstructs the floods in ten different555
sites located in five catchments in order to have an idea of the spatial distribution
of the event.
1874 Santa Tecla floods, which previously was a somewhat unknown and ig-
nored record in regional historical flood compilations (Llasat et al., 2005; Barriendos & Rodrigo,
2006), reveals as a first order hydrological and meteorological event, with both560
great peak flows and destruction, which affected an area of 10000 km2.
5. Conclusions
The innovative interdisciplinary methodology used allowed us to achieve,
from the historical information available, a complete reconstruction and, thus,
a thorough understanding of 1874 Santa Tecla floods.565
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These floods seem to be exceptional according to the results of the hydraulic
and hydrological modeling and were indeed exceptional in terms of destruction.
This exceptionality is confirmed by two peak flows return period (around 260
years) and the total rainfall approximate return periods (between 250 and more
than 500 years). However, it must be noted that, accepting a 250 year return570
period, the probability of having an event of the same magnitude at least once
in the next 50 years is 18% and in the next 100 years, 33%. Besides, floodplain
occupation, and, thus, exposition to floods, has increased greatly since 1874;
therefore, damages of Santa Tecla floods could be much greater nowadays.
The exceptionality of the floods seems to be more a consequence of the575
impermeability of the catchment caused by soil saturation due to rainfalls in
the five previous days than of the magnitude of the rain the day of the floods.
The information generated can be used to calculate return periods in the
ungauged catchments where the floods occurred and to improve the forecast
of these kinds of events. Indeed, since the synoptic situation and the ensuing580
meteorological processes that caused these floods have been determined, alert
protocols could be prepared to early warn civil protection services in the oc-
currence of similar synoptic and hydrological circumstances. All this should
translate in a limited number of victims if Santa Tecla floods occurred again.
The peak flow estimation obtained in the hydraulic modeling was quite ac-585
curate. In contrast, the uncertainty of the hydrological modeling results was
somewhat higher. Nevertheless, these results are still useful if taken as approxi-
mations. However, in both cases, the error values found were only lower bound
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estimations and further research must be done to improve error calculation with
other sources of error (other input data) and in different types of catchment.590
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Table 1: Morphological and hydrographical characteristics of the ten
catchments were the hydraulic and, in some cases, the hydrological re-
constructions were performed. Own elaboration from various sources.
Site
(Fig.
1)
River Site
Area
(km2)
Main
stream
length
(km)
Main
stream
slope (%)
Max/min
height (m)
Mean flow
(m3 s−1)
Mean an-
nual rain-
fall (mm)5
1
Sio´
Mont–
roig
219 24.2 1.4 745–400 < 0.81 480
2 Agramunt 341 34.9 1.2 745–335 < 0.81 479
3
Ondara
Cervera 86 17.1 1.7 804–460 < 0.52 464
4 Ta`rrega 150 28.6 1.4 804–356 < 0.52 449
4
2
5Corb
Vallfogona
de Ri-
ucorb
46 10.4 1.8 890–698 < 0.93 509
6 Guimera` 91 15.0 1.7 890–500 < 0.93 418
7 Ciutadilla 123 19.6 2.2 890–450 < 0.93 459
8
Vall
Ma-
jor
Granyena
de les
Gar-
rigues
50 17.0 2.1 670–309 0 410
9
Francol´ı
Espluga
de
Fran-
col´ı
101 16.3 3.9 1050–404 0.34 537
10 Montblanc 344 25.5 3.0 1050–284 0.64 528
4
3
1Gauging station: Balaguer, EA182, period: 1965–1992
2CHE (Confederacio´n Hidrogra´fica del Ebro) (1996)
3Gauging station: Vilanova de la Barca, EA183, period: 1965–1992
4Gauging station 28 (Junta d’Aigu¨es, 1995)
5Ninyerola et al. (2005)
4
4
Table 2: List of the flood marks used in the hydraulic modeling.
UTM Coordinates (ETRS89, UTM 31T)
Site
(Fig.
1)
River Site Location
Type of
mark
X
(m)
Y
(m)
Z (m) Reliability3
Precision4
(cm)
1
Sio´
Mont–
roig
Mol´ı
del
Serra
Incision
on a
column
348614 4624073 377.68 3 ±10
2 Agramunt
Mediaeval
bridge
Plaque 341898 4627625 330.03 2 ±30
3
Ondara
Cervera
Mol´ı
del
Grau
Written
refer-
ence1
355352 4613639 461.94 3 ±30
4
5
4 Ta`rrega
8–10
bis,
Piques
st.
Plaque 345101 4612138 369.08 3 ±10
6, Font
st.
Plaque 345056 4612077 368.30 3 ±10
26,
Sant
Agust´ı
st.
Plaque 345003 4611995 367.26 3 ±10
5
Corb
Vallfogona
de Ri-
ucorb
1, Ma-
jor sq.
Written
refer-
ence2
352925 4608844 563.40 3 ±30
4
6
6 Guimera`
7,
Piques
st.
Plaque 348733 4602951 507.57 3 ±10
7 Ciutadilla
Hostal
del
Teuler
Plaque 344061 4603095 464.01 3 ±10
8
Vall
Ma-
jor
Granyena
de les
Gar-
rigues
Mol´ı
de la
Soci-
etat
Incision
N cor-
ner
303.646 4589302 312.08 3 ±10
9
Francol´ı
Espluga
de
Fran-
col´ı
Font
Major
Plaque 341355 4584783 408.68 3 ±10
4
7
10 Montblanc
Mol´ı
de la
Farga
Plaque
SW
corner
347865 4580138 295.47 3 ±10
1Corbella (2003)
2Xucla` (1977)
3Reliability according to the scale proposed by Bayliss & Reed (2001): 1 = unreliable; 2 = reliable; 3 = very reliable
4Precision: maximum expected difference in cm between the flood mark and the actual maximum water height
4
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Table 3: Changes in the modeled reaches.
Site
(Fig.
1)
River Site
Type
of
reach
Changes
in cross
section
geometry
Changes
in
transver-
sal struc-
tures
1
Sio´
Mont–
roig
Rural None None
2 Agramunt Urban Channelization
Two
bridges
3
Ondara
Cervera Rural None None
4 Ta`rrega Urban
Deposition
of a 3–
m deep
layer (see
Balasch et al.
(2011))
Carlist
wall and
three
bridges
(see
Balasch et al.
(2011))
5
Corb
Vallfogona
de Ri-
ucorb
Urban Channelization
One
bridge
6 Guimera` Urban Channelization
One
bridge
49
7 Ciutadilla Rural None
One
bridge
8
Vall
Ma-
jor
Granyena
de les
Gar-
rigues
Rural None None
9
Francol´ı
Espluga
de
Fran-
col´ı
Urban None None
10 Montblanc Rural None None
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Table 4: Destroyed and damaged structural elements in Urgell County and in the whole
Catalonia. Own elaboration from various sources (Diario de Barcelona, 1874; Salvado´, 1875;
Pleya´n de Porta, 1945; Igle´sies, 1971; Pique´, 1986; Coma, 1990; Vila, 1992; Espinagosa et al.,
1996).
Structural element Urgell county Catalonia
Destroyed buildings > 406 564
Damaged buildings > 290 317
Bridges 1 24
Mills 15 32
Roads No data 5
Railroads 2 5
Factories 4 6
Warehouses Several 4
Irrigation infrastructures All 3
Total destroyed elements 452 643
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Table 5: Results of the hydraulic modeling at the ten sites.
Site
(Fig.
1)
River Site
Area
(km2)
Peak
flow
(m3
s−1)
Specific
peak
flow
(m3
s−1
km−2)
K
index
(Eq.
3)
Torrentiality
index
(peak
flow/mean
flow1)
Water
ve-
locity
range3
(m
s−1)
1
Sio´
Mont–
roig
219 1080 4.9 4.8 1350 1.6–3.0
2 Agramunt 314 1016 3.2 4.6 1270 1.0–7.4
3
Ondara
Cervera 86 852 9.9 4.9 1704 1.2–4.0
4 Ta`rrega 150 1190 7.9 5.0 2380 1.6–7.4
5
2
5Corb
Vallfogona
de Ri-
ucorb
46 546 11.9 4.9 607 2.2–7.3
6 Guimera` 91 410 4.5 4.4 456 0.4–5.6
7 Ciutadilla 123 580 4.7 4.5 644 0.2–4.5
8
Vall
Ma-
jor
Granyena
de les
Gar-
rigues
50 153 3.1 3.9
Not
appli-
cable2
1.9–5.1
9
Francol´ı
Espluga
de
Fran-
col´ı
101 1470 14.6 5.3 4900 4.4–8.3
10 Montblanc 344 3289 9.6 5.5 5482 2.9–9.4
5
3
1Mean flow found in Table 1
2Not applicable because mean flow is 0 m3 s−1
3Minimum and maximum water velocity in the channel along the modeled reach
5
4
Table 6: Series of reconstructed flows of historical floods. Source (Balasch et al., 2011).
Year Peak flow (m3 s−1)
1615 790
1644 1600
1783 490
1842 210
1874 1190
1930 280
1989 260
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Table 7: Results of the sensitivity analysis of the hydraulic modeling.
Site (Fig. 1 ) River Site
Peak flow
(m3 s−1)
Peak flow’s relative error (%)
Peak flow’s
relative error
(%) due to
water height1
Peak flow’s
relative error
(%) due to
Manning’s
n’s2
Peak flow’s
total relative
error3 (%)
1
Sio´
Mont–
roig
1120 ±9 No data ±9
2 Agramunt 1005 ±17 ±11 ±20
3
Ondara
Cervera 852 ±44 No data ±44
4 Ta`rrega 1190 ±3 ±5 ±5
6
Corb
Guimera` 410 ±5 ±11 ±12
7 Ciutadilla 580 ±13 ±11 ±18
5
6
1Peak flow’s relative error supposing an error in water height of ±30 cm in Agramunt and Cervera and ±10 cm in the other sites (Table 2.)
2Peak flow’s relative error supposing an error of ±30% in Manning’s n
3Quadratic sum (Eq. 1) of the relative errors due to water height and (when calculated) Manning’s n
5
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Table 8: Results of the hydrological modeling at five of the ten sites.
Site
(Fig.
1)
River Site
Total rain-
fall
Total
rainfall’s
return
period1
(years)
Maximum
rainfall
intensity
(mm h−1)
Storm
rain-
fall/mean
annual
rainfall
Runoff
coeffi-
cient
(%)
Lag
time
(h)
1 Sio´ Mont–roig 112 250 56 0.23 83 4.0
3
Ondara
Cervera 155 > 500 70 0.33 87 2.5
4 Ta`rrega 147 > 500 67 0.33 87 3.5
6
Corb
Guimera` 114 250 61 0.27 81 3.0
7 Ciutadilla 114 250 61 0.25 81 3.5
1Approximate return periods from maps by Casas (2005)
2Mean annual rainfall found in Table 1.
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Table 9: Hyetographs of total and effective rain in Sio´, Ondara and
Corb catchments, with their mean Curve Number and their antecedent
soil moisture condition.
Sio´ River catchment Ondara River catchment Corb River catchment
Curve
Number
85 85.5 84.5
Antecedent
soil mois-
ture
condition
III (saturated) III (saturated) III (saturated)
Local time
Total
rain
(mm)
Effective
rain
(mm)
Total
rain
(mm)
Effective
rain
(mm)
Total
rain
(mm)
Effective
rain
(mm)
09:00 pm 2.4 0.0 2.9 0.0 0.0 0.0
5
9
10:00 pm 33.1 19.5 26.2 14.6 0.0 0.0
11:00 pm 53.2 49.4 68.5 63.7 0.0 0.0
12 mid-
night
26.0 25.3 43.7 42.9 11.2 1.9
01:00 am 5.9 5.8 9.5 9.3 56.5 46.4
02:00 am 1.7 1.6 2.5 2.4 23.6 22.5
03:00 am 0.7 0.7 1.0 1.0 9.7 9.3
04:00 am 0.5 0.4 0.0 0.0 7.1 6.9
05:00 am 0.5 0.4 0.0 0.0 5.9 5.7
06:00 am 0.2 0.2 0.0 0.0 0.0 0.0
6
0
Table 10: Results of the sensitivity analysis of the hydrological modeling.
Site (Fig. 1 ) River Site
Total rainfall’s rela-
tive error (%) caused
by antecedent soil
moisture condition1
Peak flow’s total relative error (%)
Peak flow’s
error (%)
due to Curve
Number2
Peak flow’s
error (%) due
to lag time3
Peak flow’s
joint relative
error4 (%)
1 Sio´
Mont–
roig
No data ±28 ±23 ±36
4 Ondara Ta`rrega +30 ±23 ±27 ±36
1Total rainfall’s relative error if antecedent soil moisture condition had been II (intermediate) instead of III (saturated)
2Peak flow’s relative error supposing an error of ±10 units in the Curve Number value
3Peak flow’s relative error supposing an error of ±40% in lag time
4Quadratic sum of the relative errors due to Curve Number and lag time
6
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Table 11: Some convective indexes over the town of Valls (Figure 1)
during the rainstorm occurred on 23 September 1874, at 00 UTC. Own
elaboration from data from NCAA 20th Century Reanalysis and Grieser
(2012).
Convection index
Convection
index value
Meaning of the index value
Grieser (2012)
Convective available poten-
tial energy, CAPE (J kg−1)
2546
CAPE > 2500 J kg−1 →
strong instability
Lifted index, LI (K) −11
LI ≤ −6 K → severe thun-
derstorms likely
K–index, KI (K) 33
31 ≤ KI ≤ 35 → 60 − 80%
thunderstorm probability
Vertical total,VT (K) 28
VT ≥ 26 K→ thunderstorm
prone weather
Cross total, CT (K) 23.1
CT ≥ 20 K→ thunderstorm
prone weather
Total total, TT (K) 51.9
TT ≥ 50 K → severe thun-
derstorms possible
Humidity index, HI (K) 16.5
HI ≤ 30 → thunderstorm
prone weather
Lifting condensation level,
LCL (m)
500
A good approximation of the
cloud base height in case of
forced ascend
62
Level of free convection,
LFC (m)
500
LFC < 3000 m → thunder-
storms are more likely to be
initiated and maintained
∆L1 = LCL − LFC 0
∆L1 small → sudden deep
convection can occur
Limit of convection, LOC
(m)
9500
Height at which convection
stops; clouds extend from
LCL to LOC; in this case, 9
km high clouds, which mean
a high probability of rain-
storms
Wind shear 1 km (m s−1) 1
Wind shear > 8 m s−1 →
supercell tornadoes
Wind shear 3 km (m s−1) 6
Wind shear ≥ 6 m s−1 →
large and long-lasting con-
vection
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Figure 1: Location of Catalonia and the study area affected by 1874 flood within the Iberian
Peninsula (small map), and location of the ten modeling sites and catchments listed in Table
1 and of the town of Valls (where convection indexes were calculated) within the affected area
(large map). Maps drawn by Jose´ Antonio Mart´ınez-Casasnovas (University of Lleida)
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Figure 2: Diagram of the multidisciplinary procedure for historical floods reconstruction ap-
plied to 1874 Santa Tecla floods. Modified from Barriendos et al. (2014).
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Figure 3: Diagram of the hydraulic modeling. Modified from Balasch et al. (2010b).
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Figure 4: Diagram of the hydrological modeling. Modified from Balasch et al. (2010b).
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Figure 5: Map of Catalonia highlighting the area most severely affected by the 1874 floods and
the sites where information about them was found. Modified from Barriendos et al. (2013).
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Figure 6: Map of Catalonia with the number of destroyed structural elements by county;
this includes dwellings, bridges, canals, mills and all kinds of infrastructures and buildings.
Modified from Barriendos et al. (2013).
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Figure 7: Map of Catalonia with the number of casualties by county. ’Fatalities from upstream’
refer to people who were washed downstream by the flood. Modified from Barriendos et al.
(2013).
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Figure 8: K index of the reconstructed peak flow of 1874 Santa Tecla flood in Francol´ı River
in Montblanc compared to those of the major floods in small Mediterranean catchments (10
to 1200 km2) of the Iberian Peninsula and southern France. Own elaboration with data
from Lo´pez-Bustos (1981); Llasat et al. (2003); Delrieu et al. (2005); Lang & Coeur (2014);
Nguyen et al. (2014).
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Figure 9: Hydrographs and hyetographs of Sio´ River at Mont–roig (a), of Ondara River at
Cervera and Ta`rrega (b), and Corb River at Guimera` and Ciutadilla (c). Modified from
Balasch et al. (2010b).
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Figure 10: Synoptic conditions 48, 24, and 0 hours before Santa Tecla storm, occurred around
midnight 23 September 1874. Upper map: pressure at sea level (in Pa); middle map: air
temperature (in K) at a height of 850 hPa (approx. 1500 m); bottom map: air temperature
(in K) at a height of 500 hPa (approx. 5500 m). Source: NOAA’s 20th Century Reanalysis.
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Figure 11: Pressure indexes (or surface pressure differences between two locations): WeMo
(between Ca´diz and Padua); NAO (between Ca´diz and Reykjavk); and a zonal index (between
Ca´diz and Uppsala). Note: measurements taken approximately at noon local time daily.
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Figure 12: Synoptic conditions around midnight 18 September 1874, five days before Santa
Tecla floods. Upper map: pressure at sea level (in Pa); middle map: air temperature (in K)
at a height of 850 hPa (approx. 1500 m); bottom map: air temperature (in K) at a height of
500 hPa (approx. 5500 m). Source: NOAA’s 20th Century Reanalysis.
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